Image-guided procedures, such as computed tomography (CT)-guided stereotactic and ultrasound guided methods, can assist neurosurgeons in localizing the relevant pathology. The characteristics of image-guided procedures are important for their appropriate use, especially in brain biopsy . This study reviewed the results of various image-guided brain biopsies to ascertain the advantages and disad vantages. Brain biopsies assisted by CT-guided stereotactic, ultrasound-guided , Neuronavigator-guid ed, and the combination of ultrasound and Neuronavigator-guided procedures were carried out in seven, eight, one, and three patients, respectively. Four patients underwent open biopsy without a guiding system. Twenty of 23 patients had a satisfactory diagnosis after the initial biopsy. Three patients failed to have a definitive diagnosis after the initial procedure, one due to insufficient volume sampling after CT-guided procedure, and two due to localization failure by ultrasound because the le sions were nonechogenic. All patients who underwent biopsy using the combination of ultrasound and Neuronavigator-guided methods had a satisfactory result. The CT-guided procedure provided an ef ficient method of approaching any intracranial target and was appropriate for the diagnosis of hypodense lesions, but tissue sampling was sometimes not sufficient to achieve a satisfactory diagno sis. The ultrasound-guided procedure was suitable for the investigation of hyperdense lesions, but was difficult to localize nonechogenic lesions. The combination of ultrasound and Neuronavigator methods improved the diagnostic accuracy even in nonechogenic lesions such as malignant lymphoma. There fore, it is essential to choose the most appropriate guiding method for brain biopsy according to the radiological nature of the lesions.
Introduction
Computed tomography (CT) and magnetic resonance (MR) imaging provide precise three dimensional information on the location and con figuration of intracranial lesions. Even before the advent of CT guidance, stereotactic surgery was used to localize, biopsy, and treat certain deep-seat ed lesions. Certain modern technological modifica tions have facilitated this kind of surgery . Although stereotactic procedures with the aid of CT have been widely used in brain biopsy, there are several limi tations. First, the rigid coordinate frame that is at tached to the patient's skull is bulky and restrictive and only provides a temporary frame of reference . Second, the aiming arc assembly that guides surgi cal instruments is often cumbersome and complex , and can only select one target point and trajectory at a time. Third In principle, we intended to perform CT-guided stereotactic biopsy for lesions appearing as low density homogeneous and hypodense lesions on CT, and ultrasound-guided biopsy through a small craniotomy to avoid an intraoperative hemorrhage for lesions appearing as inhomogeneous or hyper dense on CT.12) Twenty-six brain biopsies were per formed on 23 patients aged 16 to 75 years over a 13-year period (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) Three patients who underwent biopsy with com bined ultrasound and Neuronavigator-guided method and one with the Neuronavigator-guided method had satisfactory diagnoses after the initial procedure. Therefore, seven of eight CT-guided procedures (7 as the initial procedure and 1 as the second procedure), six of eight ultrasound-guided procedures, one of one Neuronavigator-guided procedure, four of four ultrasound-assisted Neu ronavigator-guided procedures (3 initial procedure and 1 second procedure), and five of five open biopsy without guiding system (4 initial procedure and 1 second procedure) showed successful results. In this series, no operative complications, such as postoperative bleeding, were observed. 
Representative Cases
Case 2: A 68-year-old female presented with recent memory disturbance. CT revealed a mixed density lesion in the left temporal lobe. MR imaging showed a lesion with low signal intensity on the T1-weighted image and high signal intensity on the T2-weighted image in the left temporal lobe, with homogeneous enhancement after gadolinium injection (Fig. 1) Case 14: A 75-year-old male presented with con sciousness disturbance. CT revealed homogeneous hypodense lesions in the left basal ganglia and the right occipital lobe. MR imaging revealed two le sions, one in the left basal ganglia and the other in the right occipital lobe, both appearing low signal intensity on the T1-weighted image and high signal intensity on the T2-weighted image, with homogeneous enhancement after gadolinium injec tion (Fig. 2) . The patient underwent ultrasound guided brain biopsy of the lesion in the left basal ganglia, but ultrasound failed to localize the lesion because it was nonechogenic.
The sample was di agnosed as edematous white matter. CT-guided stereotactic biopsy was then performed, and the fi nal diagnosis was malignant lymphoma. This case demonstrates the disadvantage of the ultrasound guided procedure. In open biopsies, Neuronavigator was very useful in approaching various lesions accurately, even if they were not echogenic. In our Case 2, the lesion could not be detected as an obvious mass on ultrasound, but it was confirmed by the Neuronavi gator. Therefore, an ultrasound-assisted Neu ronavigator-guided system should be employed to improve the diagnostic accuracy and to achieve minimally invasive surgery, particularly when the lesion is deep-seated and expected to be nonecho genic such as malignant lymphoma. The characteristics of each image-guided proce dure are summarized in 
